This aging of the American population poses important challenges for the medical community because medical problems tend to increase with advancing age. For neurological surgeons this demographic trend will be significant for two reasons. First, an aging population will result in an increased incidence in age-related diseases such as lumbar spinal stenosis. Second, operative intervention in this population carries additional risks.
Because the underlying disease of lumbar spinal stenosis progresses with advancing age, several authors have examined the surgery-related risks in this high-risk population. In many of these studies lumbar surgery in the elderly was found to carry a higher but acceptable risk of perioperative complications. 2, 8, 9, 14 For example, in the study reported by Quigley, et al., 13 of 143 patients age 70 years and older, fewer than 7% were found to have suffered a major complication.
In other studies factors associated with complications included increased age and concomitant fusion procedures. In a study of lumbar surgery in patients older than 70 years of age, 85% of whom underwent a posterolateral fusion, one group reported a serious complication rate of 12% and perioperative mortality of 1.4%. 2 The authors of other studies have also found increased morbidity and mortality rates associated with spinal fusion. In a study conducted by Deyo, et al., 6 of 27,111 Medicare patients, the additional provision of a spinal fusion doubled the complication and mortality rates, increased the frequency of blood transfusions, and increased the rate of discharge to a nursing facility. In addition, fusion procedures in the elderly are complicated by higher rates of osseous nonunion due to decreased bone metabolism, collagen production, and alkaline phosphatase synthesis. 10 The aging progenitor cells' capacity to differentiate into osteoblasts may further hinder bone healing. 7, 11, 12 We report a study undertaken to evaluate factors that might be predictive of systemic and wound complications due to spinal stenosis surgery in the subset of very elderly patients. Knowledge of these factors may assist surgeons in planning the optimal treatment for these high-risk patients.
CLINICAL MATERIAL AND METHODS
We retrospectively reviewed cases of lumbar spinal stenosis in patients of 75 years of age or older treated with decompressive surgery. Eighty-eight cases were identified in the 8-year study period between 1994 and 2001. Age ranged from 75 to 88 years (mean 78.5 years), and 45% of patients were women ( Fig. 1 upper left) .
Spinal stenosis was diagnosed by magnetic resonance imaging in all cases and found to be concordant with the patient's symptoms. Candidates for surgery included those in whom conservative treatment had failed, including physical therapy, brace therapy, and medical management. All patients underwent a midline decompressive laminectomy with foraminotomies at the affected levels. In cases with associated lumbar spinal instability demonstrated on dynamic radiography the patient underwent a posterolateral fusion with or without pedicle screw instrumentation at the decompression levels.
Ambulatory function was rated on a four-point scale (4, independently ambulatory; 3, requiring a cane; 2, requiring a walker; and 1, wheelchair bound). Pain was identified as either axial or radicular in nature and classified as worse, unchanged, improved, or completely resolved following surgery. Intraoperative blood loss calculations were net losses accounting for cell saver autotransfusion. Preoperative medical comorbities were weighted and calculated according to the method described by Charlson, et al.
3 (Table 1) . Age, operative time, Charlson Comorbidity Index score, and the number of treated levels were assessed as predictive factors for perioperative complications. Complications were identified and classified as wound related, cerebrospinal fluid leak, neurological, or systemic. Statistical analysis was performed using a one-tailed t-test with unpaired variance.
RESULTS
The number of laminectomy-treated levels ranged from one to six (mean 3.5) (Fig. 1 upper right) . The mean Charlson Comorbidity Index score was 1.19 ( Fig. 1 lower  left) . The mean length of stay in acute care was 6.2 days. Patients were discharged home (20%) or to acute rehabilitation (80%). The mean follow-up period was 21 months.
Mild lumbar degenerative scoliosis was present in 14 patients and moderate-to-severe scoliosis was demonstrated in 14. A Grade I spondylolisthesis was identified in 43 patients and lumbar kyphosis in three. Because of severe preoperative deformity or abnormal motion detected on dynamic radiography, 52 of the patients also underwent posterolateral spinal fusion in which iliac bone graft was placed. In 13 of these cases pedicle screw instrumentation was applied as well. Eleven patients were smokers. The mean operative time was 265 minutes.
Improvement in Symptoms
Of the 89% of patients who suffered back pain preoperatively, 43% experienced complete relief, 33% partial improvement, and 24% no improvement after surgery. Of the 98% of patients with leg pain preoperatively, 43% experienced complete relief, 42% partial improvement, and 15% no improvement after surgery. Of the 33 patients with preoperative gait disturbances requiring assistive devices, status in 61% improved at least one point on the ambulatory scale, in 36% it was unchanged, and in two patients status worsened by one point on the ambulatory scale ( Fig. 1 lower right) .
Procedure-Related Complications
There were no perioperative deaths. Twelve patients suffered wound complications, 12 a dural tear, and 16 a total of 18 systemic complications (Table 2) . Two patients experienced increased leg numbness in a radicular distribution, and one patient developed new extensor hallucis longus weakness after surgery.
Comparisons between data in patients with and without complications revealed no significant differences in age (p = 0.322), the number of fused levels (p = 0.371), or the number of laminectomy levels (p = 0.254). The length of operative time (p = 0.003) and the Charlson Weighted Comorbidity Index score (p = 0.088) were associated with both systemic and wound complications (Table 3) .
DISCUSSION
The surgical treatment of lumbar spinal stenosis can produce profound improvements in function. When successful, it yields dramatic improvements in pain, ambulation, and the activities of daily living. Nevertheless, because this disease entity predominantly afflicts the elderly population, the surgeon is often faced with a debilitated patient at high risk for perioperative complications. In addition, the symptoms of spinal stenosis alone can be disabling, leading to physical deconditioning, loss of lean body mass, decreased cardiac and pulmonary functions, and depression. Surgeons evaluating these patients must thus weigh the potential benefits of surgery against substantial medical comorbidities.
Our results confirm that surgery in this population carries relatively high rates of systemic and wound complications (18 and 14%, respectively). This is similar to the findings by Deyo, et al., 5 who demonstrated an 18% complication rate in this same age group. It is interesting, however, that within this cohort of the very aged there was no correlation between perioperative morbidity and a patient's age. Similarly, the number of laminectomy levels and spinal fusion were not independently associated with complications. Operative time and the Charlson Comorbidity score were, as expected, predictive of complications.
Symptomatic improvement rates for leg and back pain in this study were similar to those reported in other studies in younger cohorts. Improvements in ambulation were also demonstrated at rates similar to those in younger patients. 9, 13, 15 These results are encouraging because the increased risks of surgery must be discussed with the patient in the context of predicted functional gains.
Because of the large population of elderly patients treated in our practice, we have adopted several strategies empirically in an attempt to minimize perioperative complications. In all cases in which substantial blood loss is expected, we use the cell saver for autotransfusion. This is an important adjuvant not only because it reduces the need for allogenic transfusion but also so that accurate accounts of intraoperative blood loss can be made. For more timeconsuming surgeries in the prone position, particularly in diabetic patients, a Mayfield skull clamp is applied to minimize increases in intraocular pressure and venous congestion that may disturb retinal perfusion. 4 Maintenance of normal blood pressure is also essential for ocular perfusion. These measures are believed to minimize the uncommon but disastrous complication of postoperative blindness. In all cases careful coordination with the anesthesiologist is obviously essential.
Postoperatively, careful management of pain medications is necessary to prevent toxicities and confusional states. We routinely use patient-controlled analgesic medication with age-and weight-adjusted narcotic agent doses
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Complications of lumbar stenosis surgery in the elderly 3 to minimize the risk of accidental overdosing. In cases in which a supplemental fusion is performed an external electrical bone stimulator is applied because of the aging spine's decreased metabolic activity. Finally, close coordination with inpatient rehabilitation is critical because a large number of these patients are quickly deconditioned after surgery and will require a short but intensive course of physical and occupational therapy to return to their normal activity level. CONCLUSIONS Lumbar stenosis surgery in patients older than 75 years of age can result in symptomatic improvement at rates similar to those in younger patients. The perioperative morbidity rate is higher than in younger patients and can be predicted by operative time and comorbidity indices.
